Purpose This study was designed to examine the effect of bacterial contamination on in vitro fertilization treatment outcomes. Method In a prospective clinical trial, 152 patients aged 23-38 years, mean 33.3±4.6, undergoing IVF treatment were selected for this study. During embryo transfer, separate samples were collected for microbial examination from the following sites: the fundus of the vagina, the cervix, the embryo culture medium prior and post-embryo transfer, the tip of the catheter, and the external sheet. All the samples were separately cultured to identify any bacteria or yeast present. Results Pregnancy rates in patients testing positive for Entrobacteriaceae (22.2% versus 51%) and Staphylococcus species (17.6% versus 44%) were significantly lower than those in the negative culture group ( p< 0.001). The pregnancy rates do not seem to be affected by the other isolated microorganisms.
Introduction
Despite considerable progress in the assisted reproduction field, the implantation rate of replaced embryos remains low. This has largely been attributed to variables such as the patient's age, endometrial receptivity, embryo quality [1, 2] and embryo transfer technique per se [3] [4] [5] . As in vitro fertilization treatment (IVF) involves the placement of embryos into the uterine cavity using a catheter that passes through the cervix, the possibility of bacterial contamination during the embryo transfer procedure clearly exists, but has been poorly explored. In fact, there is growing evidence that bacterial contamination of the uterine cavity following transcervical embryo transfer can negatively affect the implantation rates and the pregnancy outcome. Such contamination can occur during embryo replacement through the tip of the embryo transfer catheter from various vaginal-cervical microorganisms [6] [7] [8] [9] . Antimicrobials in the culture media probably provide little inhibition to the potentially large number of bacteria that could contaminate the embryo transfer catheter when it traverses the cervix. It is of note that genital infections, particularly those caused by sexually transmitted microorganisms, are among the leading causes of infertility [10, 11] . In fact, detection of the Chlamydia species in the endocervices of women undergoing IVF treatment has been associated with decreased implantation and decreased ongoing pregnancy rates [12, 13] .
In addition, studies have shown that subjects who test negative for bacterial contamination have approximately 50% higher pregnancy rates than subjects who test positive for bacterial contamination resulting from the embryo transfer catheter tip. An increased risk of pregnancy loss prior to the sixth week of gestation was also reported in women with bacterial vaginosis (BV) undergoing in vitro fertilization treatment [14, 15] . The decrease in live birth rate following IVF in women with catheter tip contamination as well as in women with BV, may be caused by decreased conception rates, increased pregnancy loss, or both. Furthermore, studies have shown that pathogenic bacteria cultured from the tip of the catheter produce a detrimental effect on live birth rates [6] [7] [8] [9] . Conversely, recovery of hydrogen peroxide (H 2 O 2 )-producing lactobacilli from the catheter tip appears to be associated with an increased live birth rate [9] . The understanding of whether genital bacteria have a negative impact on conception could lead to the adoption of an efficacious intervention that can improve pregnancy and delivery outcomes.
This study was designed to assess the impact of individual bacteria isolated from the vagina, the cervix, and the tip of the embryo-transfer catheter on the IVF treatment outcome.
Materials and methods

Patient selection
In a prospective clinical study, 152 patients aged 23-38 year, mean 33.3±4.6, undergoing IVF treatment were enrolled as subjects. The clinical indications for IVF treatment were sperm abnormalities, tubal factor or idiopathic infertility. In order to limit additional factors (e.g., embryo quality and endometrium receptivity) that might affect the results, we selected only patients aged ≤38 years with a morphologically normal uterus and at least two good quality embryos available for embryo transfer. Embryo transfer was performed by the same physician. All the women were negative for Chlamydia trachomatis infection and none of them exhibited clinical evidence of vaginitis or cervicitis. Semen cultures were performed 2 months prior to IVF treatment. The men with positive microbial growth were given antibiotic treatment; thus all the men had negative semen cultures at the time of the IVF treatment. All patients were counselled about the nature of the study and gave their written informed consent. The study was approved by our local research ethics committee.
All the participating women underwent a microbiological examination of vaginal-cervical and urethral pathogenic microorganisms two months prior to IVF treatment. The patients who were positive for any pathogenic microorganism underwent a specific therapy and thereafter a posttherapeutic control was performed. All patients underwent a standard down-regulation protocol for ovarian stimulation induction. Oocyte recovery was carried out 36 h after HCG administration and embryo transfer took place 48 hours following insemination.
Culture collection and bacterial isolation
Just before the embryo transfer, six separate samples were collected for microbial examination: a swab from the fundus of the vagina and from the cervix was performed after washing and speculum insertion; a sample of embryo culture medium, used for embryo transfer, was collected prior to embryo loading, as well as a sample of the same medium after flushing of the embryo-transfer catheter post embryo transfer; a sample from the tip of the embryo transfer internal catheter, and also one from the tip of the external sheet. All the samples were then cultured to isolate any bacteria present. The samples were considered positive when 50 colonies forming units per sample were recovered. Specifically, aerobic and anaerobic microorganisms physiologically present in the genital tract, and pathogenic microorganisms such as urogenital Mycoplasma, Neisseria gonorrhoeae and Gardnerella vaginalis were considered in this study. The patients were categorized on the basis of the presence of each single microorganism in the examined samples. Patients were considered positive to one microorganism when a positive culture of the vaginal and/or cervical samples was confirmed in the tip of the internal catheter, external sheet and the medium used for flushing of the catheter post transfer. The resulting data were statistically correlated to the pregnancy rates in both positivetesting and negative-testing patients.
For statistical analysis χ 2 and t test were used where appropriate. The differences were considered statistically significant when p≤0.05.
Results
Data on patients' characteristics, stimulation protocol, embryology, and number and quality of embryos transferred did not vary significantly between the positive and negative culture groups ( Table 1 ). The overall pregnancy rate of the 152 studied women was 32.2 %. Of the 152 studied patients, 133 (87.5%) tested positive to one or more microorganisms and the remaining 19 patients (12,5%) tested completely negative to bacterial contamination. Although pregnancy rates were similar in both groups, implantation rates significantly differed ( p≤0.001) between patients positive to one or more bacteria and those completely negative (12.4 vs 14%). Higher miscarriage rates, though not statistically significant, were also found in positive patients compared to those negative for the presence of any bacteria ( Table 1) . The microorganisms identified in the positive culture group were as follows: Lactobacillus species in 19 patients (12.5%), Streptococcus species in 43 patients (28.2%), Enterobacteriaceae in 99 patients (65.1%), Staphylococcus species in 68 patients (45%), and other microorganisms such as S. agalactiae, G. vaginalis, Ureaplasma urealyticun and yeasts in 28 patients (18.3%). Among the Entrobacteriaceae observed, Escherichia coli was the species most frequently recovered, followed by Klebsiella, and to a lesser extent, Proteus. A considerable number of patients tested positive to more than one microorganism. The cultures of all the samples from the embryo-transfer culture medium prior to embryo transfer were negative for any microbial contamination. As depicted in Table 2 , the patients (no=152) were distributed on the basis of a single type of isolated bacteria. Comparing the positive and negative culture groups for each isolated microorganism in terms of clinical pregnancy rates, we found that pregnancy rates in patients testing positive for Entrobacteriaceae (22.2 versus 51%) and Staphylococcus species (17.6 versus 44%) were significantly lower than those of the negative culture group ( p≤ 0.001). The pregnancy rates were apparently not affected by the other isolated microorganisms (Fig. 1) .
Discussion
Although few reports on bacterial contamination at embryo transfer and its implication in infertility treatment have been published, evidence implicating bacterial infection as detrimental to in vitro fertilization outcomes is steadily increasing. A decreased live birth rate has been reported in those patients in whom pathogenic bacteria were isolated from the embryo transfer catheter [6] [7] [8] [9] . In our study, we assessed the possible consequences of bacterial contamination of the tip of the catheter at embryo transfer on the IVF treatment outcome. Microorganisms were assessed through bacteriologic analysis of the cervical and vaginal swab and of the catheter tip prior to and after embryo transfer. Although the pregnancy rate did not differ significantly between the positive and negative groups, significant differences in terms of pregnancy rates were observed when considering the correlation of single isolated microorganisms. A decreased pregnancy rate was observed in patients who tested positive to Entrobacteriaceae and Staphylococcus species compared to those who tested negative to the same microorganisms, while other isolated microorganisms did not seem to affect the pregnancy rate. Since the patients' characteristics, stimulation protocol, embryology, and the number and quality of embryos transferred did not vary significantly between the positive and negative culture groups, we can speculate that the presence of such microorganisms on the cervix at embryo transfer could be implicated in the decreased embryo implantation rate.
The lower pregnancy rates among patients with positive cultures could be explained by at least three mechanisms: (1) the embryo transfer procedure may inoculate endocervical microorganisms into the uterine cavity, thus altering the biochemical [16, 17] or ultrastructural [17, 18] characteristics of the endometrium; (2) the high concentration of microorganisms on the cervix may be associated with subclinical chronic endometritis [19] which subsequently causes poor uterine receptivity; (3) possible direct contamination of the embryos during transcervical embryo transfer may inhibit their ability to implant. In a previous study, a 50% reduction in pregnancy rate occurred when bacteria were recovered from the tip of the embryo transfer catheter [6] [7] [8] 20] . Of interest is the fact that the dominant microorganisms studied were D. streptococcus, E. coli, S. viridians, Entrococcus, S. epidermidis and H 2 O 2 -producing lactobacilli [6] [7] [8] . In our study, we found that the presence of endocervical Entrobacteriaceae and staphylococci species in women undergoing IVF treatment is clearly associated with both decreased pregnancy rates and increased abortion rates. This could support the increasing evidence that the presence of some pathogenic microorganisms detected at embryo transfer have a negative effect on clinical pregnancy rate. Additionally, it is important to remember that success following in vitro fertilization is related to a variety of factors. Our results are consistent with previous reports [6] [7] [8] [9] which suggest that the presence of bacterial contamination at embryo transfer could be one of the factors influencing the IVF outcome.
However, a better understanding of the effects of the cervicovaginal flora and catheter contamination on the IVF outcome may allow specific interventions to be potentially targeted to decrease the pro-inflammatory cytokine response and to establish the normal vaginal bacterial flora. Concerning this issue, it seems particularly relevant that endometrial cells express Toll-like receptor 4, a molecule involved in Gram negative endotoxin and that E. coli binding to these cells produces prostaglandin F and E 2 , thus modulating inflammatory response and endocrine functions [21] .
Recently, it has been reported that ceftriaxone and metronidazole given at oocyte recovery in IVF-embryo transfer cycles may reduce bacteria on the transfer catheter and therefore improve the pregnancy rate [7] , while administering doxycycline appears to have no effect either on vaginal bacterial flora or live birth rates [9] . Indeed, further study is needed to determine which specific antibiotics can actually reduce the virulent bacteria and, more important, preserve the vaginal protective bacteria. Finally, evidence of inflammation following embryo transfer needs to be documented in a larger sample of patients to further examine the hypothesis that inflammation may be the mechanism through which bacteria may negatively affect pregnancy.
